It is generally agreed that the important hemodynamic effect of chronic constrictive pericarditis consists of mechanical limitation to ventricular filling and possibly also to emptying (Zimmerman, 1959; Wood, 1961). Several measurements have shown the cardiac output and the stroke volume in constrictive pericarditis to be low at rest and during exercise (Johansson, 1958) .
clinic. The liver was enlarged and a malignant process in the abdomen was suspected. However, at laparotomy the only pathological finding was the enlargement of the liver, and a biopsy showed a slight increase of fibrous tissue, supposed to be a sign of early portal cirrhosis. A radiogram of the chest showed pericardial calcifications, and he was transferred to the medical clinic. At that time he had dyspnoea at rest, cedema in the extremities, and slight cyanosis. Precordial systolic retraction, venous engorgement in the neck, and a third heart sound were demonstrated. The electrocardiogram showed sinus rhythm and some flattening of the T waves. Further data are given in Table I . The patient was not digitalized or treated with diuretics at the catheterization. Pericardiectomy was performed in June 1960. Considerable thickening and calcifications of the pericardium were found with fibrous adhesions to the myocardium and surrounding tissues. Epicardiolysis and resection of the pericardial scar from the anterior and lateral surfaces of the heart were performed. The ventricles were judged to be of normal size.
Case 2. A male housekeeper, 56 years old, had been in good health until 1940 when short attacks of irregular heart rhythm developed. In 1954 he consulted a physician because of slight preecordial pains.
The arterial blood pressure was found to be 110/80 mm. Hg and a chest radiogram revealed calcifications in the pericardium. The heart volume was 540 ml./m.2 body surface area. At that time there were no symptoms of congestive failure but during the following years dyspnoea on exertion developed. In 1960 he was aware of an abnormal feeling of fullness in the abdomen on exertion, and he was admitted to the hospital.
The liver was found to be enlarged and a third heart sound was present. The cardiogram showed atrial fibrillation and inverted T waves in leads II, III, AVF, and CR7. Further data are given in Table I . The patient was not digitalized or treated with diuretics at the catheterization.
Pericardiectomy was performed in October 1960. The findings were principally the same as in Case 1. The ventricles and the right atrium were judged to be of normal size but the left atrium seemed to be enlarged. There was thus a discrepancy between the surgeon's and the radiologist's estimate of the heart volume.
Case 3. A salesman, 68 years old and earlier in good health, had intermittent oedema in the legs and abnormal dyspncea on exertion since 1950. In 1960 these symptoms increased, and he was admitted to hospital. He was found to have slight dyspnoca at rest, cedema of the legs, slight cyanosis, a systolic retraction in the prwcordial region, a third heart sound, and enlargement of the liver. The cardiogram showed atrial fibrillation and biphasic T waves in all leads. Further data are given in Table I . Before the catheterization the patient had been fully digitalized and treated with diuretics; this resulted in a pronounced weight loss and a disappearance of visible cedema.
Pericardiectomy was performed in December 1960. The findings were principally the same as in Case 1. The heart was judged to be of normal size. Case 4. A carpenter, 62 years old, had a bilateral pleuritis in 1917, which was thought to be of tuberculous origin. The records from the hospital at that time are not available. In 1950 a routine radiological examination of the chest demonstrated a slight increase of the heart volume. In 1958 dyspncea on exertion and cedema of the legs appeared, and these symptoms gradually increased. Feeling of fullness in the abdomen and epigastric pains, especially after exercise, developed in 1960 and he had to give up his ordinary work. During the following year the symptoms of congestive failure progressed despite treatment with digitoxin and diuretics. He was admitted to this hospital for further study. At the clinical examination venous engorgement, increased liver size, prxecordial systolic retraction, and a third heart sound were ob-HA5MODYNAMIC CHANGES IN CHRONIC CONSTRICTIVE PERICARDITIS 37 served. The cardiogram showed atrial fibrillation and inverted T waves in leads AVF, CR1, and CR2. Before the heart catheterization the patient was fully digitalized and treated with diuretics which resulted in a loss of weight and disappearance of visible cedema. Further relevant data are given in Table I. Pericardiectomy was performed in June 1961. The pericardium was thickened and adherent to the epicardium, to the myocardium, and to surrounding tissues. Extensive calcifications were present in the pericardial scar over the left ventricle and over both atria but not over the right ventricle.
RESULTS
The results are given in Tables II-IV. Already at rest two subjects (Cases 3 and 4) had signs of an insufficient circulation in the form of a low cardiac output and an increased arteriovenous oxygen difference. The stroke volume was small in all four cases. The mean pressures in the right atrium were considerably raised (14 to 23 mm. Hg) with a similar rise of the PCV pressures (18 to 25 mm. Hg). The pulmonary artery pressures were also elevated but the pulmonary vascular resistances were normal or only slightly increased. The pressures in the brachial artery were essentially normal. The oxygen saturation of arterial blood was within the normal range and the carbon dioxide tension was low or normal. There were thus no obvious signs of insufficient ventilation of the lungs. The calculated difference in oxygen tension between alveoli and arterial blood ([A-a]02 difference) was normal in Case 2 (less than 4 mm. Hg). In Cases 1, 3, and 4 the differences were 25, 15, and 12 mm. Hg, respectively, possibly indicating abnormal ventilation-perfusion relations. A work load of 200 kp m/min., which increased the oxygen consumption to 500-700 ml. per min., was in all cases associated with an inadequate increase in cardiac output, and no consistent change in the stroke volume. The arteriovenous oxygen difference increased to 94-113 ml./l. The circulation thus became manifestly insufficient at this low work load. The mean pressures in the right atrium and in the PCV position both increased considerably, but the change was somewhat more marked in the PCV pressure. The pulmonary vascular resistance did not change consistently. The arterial oxygen saturation was unchanged during work in Cases 2 and 3 but fell in Cases 1 and 4.
An intravenous infusion of histamine at a rate of 012-0-39 ,tg. histamine base/kg. body weight/ min. caused flushing of the skin and a decrease in systemic vascular resistance. Cardiac output increased more than during work. This increase was due not only to an increased heart rate but also to a larger stroke volume. The arteriovenous oxygen difference fell. The increase in cardiac output was achieved with a lowered pressure in the right atrium. The PCV pressure rose slightly in three subjects and fell in Case 4. The pulmonary vascular resistance fell. Arterial oxygen saturation decreased by 3 9 per cent on the average. This fall occurred without any significant change in the calculated alveolar ventilation or in the respiratory variations in the PCV pressure. The arterial carbon dioxide tension fell in Case 1 and was unchanged in the others. The alveolar-arterial difference in oxygen tension increased in all cases. The relation between stroke volume (assumed to be the same for both ventricles) and filling pressure for the two ventricles, at rest, during work, and during histamine infusion are shown in Fig. 1 . The figures given in Table II allow calculation of the "work against pressure" per beat of each ventricle, by multiplying the stroke volume with the difference between the mean "output" pressure (aortic or pulmonary mean pressure) and the mean filling pressure (right atrial or PCV pressure). This calculation involves many assumptions, but it may nevertheless be pointed out that the work against pressure per beat of each individual ventricle was always higher during histamine infusion than during rest. In Cases 2 and 3 it was also higher during histamine than during work (Table IV) . The effect of a decreased filling pressure was studied in Case 4. Blood was withdrawn until the mean pressure in the right atrium had fallen to 5 mm. Hg and the PCV pressure to 9 mm. Hg, i.e. pressures below those during the histamine infusion. After this venesection there was no significant change in the stroke volume, and the cardiac output decreased.
DISCUSSION
The observations on the hemodynamics at rest and during exercise are in agreement with previous findings (e.g. Johansson, 1958; Wood, 1961) . The effects of histamine on the circulation and respiration in constrictive pericarditis have apparently not been studied before. The four cases reported here showed uniform and distinct responses to histamine infusions.
The responses to histamine that appear to be of interest are first, the decrease in arterial oxygen saturation and increase in alveolar-arterial difference in oxygen tension, and secondly, the increase in cardiac output and stroke volume. The decrease in arterial oxygen saturation cannot be due to a bronchoconstrictor action of histamine since the calculated alveolar ventilation did not decrease, and since there was no significant increase in the respiratory pressure variations. The pulmonary ventilation in chronic constrictive pericarditis is presumably uneven because of vascular engorgement and adhesions between the pericardium, the pleure, and the thoracic wall. A normal arterial oxygen saturation can only be maintained if the blood flow through the hypoventilated parts of the lungs is decreased. We regard the decrease in saturation during histamine infusion as a result of vasodilatation and increased blood flow through poorly ventilated parts of the lung. These observations are in accordance with previous studies in asthma and emphysema (Storstein et al., 1959; Helander, Lindell, and Soderholm, 1960) . The changes in ventilation-perfusion relations induced by vaso-active substances in patients with cardiopulmonary disease have been discussed elsewhere (Soderholm, 1961; Westling, 1961 ).
In the present study we wish to focus interest on the property of histamine to increase the cardiac output and stroke volume of the heart. Current opinion regards the low and fixed stroke volume in constrictive pericarditis as due to impeded diastolic filling. It is also possible that the systolic emptying of the ventricles is hindered by anchoring of the pericardium to surrounding structures, e.g. the anterior thoracic wall. It is remarkable that histamine should stimulate the constricted ventricles to a larger stroke volume than such a powerful physiological stimulus as a work load that increases the arteriovenous difference in oxygen content to approximately 100 ml./l.
It is well known that histamine may liberate catechol amines. The stimulation of myocardial contractility under the influence of histamine may be caused by such a liberation. However, the activation of the sympathico-adrenal system in these cases must have been rather intense during the exercise, when their circulation was manifestly insufficient. Yet, the stroke volume was not so large as during histamine infusion. The possibility of another stimulating action of histamine on cardiac muscle than via a liberation of catechol amines must thus be considered. Isaacs, Carter, and Haller (1952) have shown that experimental constrictive pericarditis in the dog changes the pressurevolume curve of the left ventricle, so that a larger pressure increment is necessary for a certain volume change. The volume change for a certain change in pressure also becomes progressively smaller at increasing filling pressure levels. If this applies to the human heart, the increased stroke volume during histamine infusion could be due to a primary reduction of filling pressure caused by, e.g. a change in blood volume distribution or a diminished venous tone. If this was the case one would have to assume that the reduced stroke volume in chronic constrictive pericarditis was caused by the increased venous pressure, and not vice versa. However, the increase in left ventricular stroke volume during histamine took place with a slight increase in filling pressure (PCV pressure). Moreover, venesection with a substantial lowering of filling pressure did not lead to increased ventricular output. During histamine, there was in three of the cases a lowering of the systemic arterial pressure while the pulmonary arterial pressure was essentially unchanged. It seems unlikely that this moderate lowering of ejection pressure could explain the increase in stroke volume after histamine, and the calculated work against pressure actually increased. This view is also supported by the findings after venesection. Here a lowered systemic and pulmonary arterial pressure did not increase the ventricular output and work against pressure decreased. The possibility of a direct stimulating action of histamine on the cardiac muscle must therefore be considered. Animal experiments have in fact shown that histamine has a direct action on isolated cardiac muscle, increasing both its force and frequency of contraction (Trendelenburg, 1960; Mannaioni, 1960) . Wood (1961) has emphasized that constrictive pericarditis is a "bilateral" disease, and that there are always parallel elevations of the pressure in the right and the left atrium, the latter as estimated by the "PCV pressure." Such a parallelism was also found in the present cases at rest and during exercise, but during the infusion of histamine there was in three of the four cases a decrease in the right atrial pressure concomitantly with a moderate increase in the PCV pressure. This HAEMOD YNAMIC CHANGES IN CHRONIC CONSTRICTIVE PERICARDITIS 41 differential effect of histamine is difficult to explain at present. If the mechanism of action of histamine in these cases consists of an increase in the contractile power of the heart muscle, one will have to accept the view that impeded ventricular filling is not such a dominant feature in chronic constrictive pericarditis as has been generally supposed. The fact that ventricular output may be increased by pharmacological agents indicates the importance of factors that hinder ventricular emptying.
SUMMARY
Hemodynamic observations were made in four men with chronic constrictive pericarditis, who were subjected to heart catheterization.
All four subjects had low stroke volumes at rest and the cardiac output was low in two of them. The right atrial and the PCV pressures were high, but the pulmonary vascular resistance was fairly normal.
During exercise there was only slight increase in cardiac output and the arteriovenous difference in oxygen content of the blood increased to high values. The right atrial and PCV pressures increased considerably.
During an intravenous infusion of histamine the cardiac output and the stroke volume increased, and were higher than during exercise. The calculated stroke work was also increased by histamine. During histamine infusion the right atrial pressure decreased, and the PCV pressure increased, but comparatively little.
The mechanism of this effect of histamine is discussed and it is concluded that a direct action of histamine on the heart, with an increase of its contractile power, is the most likely explanation.
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